The umbilicus is an important aesthetic landmark of the abdomen. It possesses a dual blood supply that allows it to survive either on its stalk if the skin surrounding the umbilicus is incised, or through the surrounding subdermal circulation if the stalk is transected. This is an important concept to consider in order to avoid umbilical ischemia and necrosis during abdominoplasty, especially if there is any past surgical history suggesting alteration to its blood supply. This case study depicts this importance and the importance of the use of delay in order to improve perfusion to the umbilicus prior to secondary abdominoplasty. In this case, a 47-year-old woman had undergone abdominoplasty two years previously and requested further improvement of her abdominal contour. At her original operation, the umbilical stalk was transected during hernia repair and the umbilicus was "floated" inferiorly to its new position. Thus, during her second revisionary abdominoplasty, it was crucial to consider the adequacy of umbilical blood supply to minimize and avoid the possibility of ischemic necrosis of the umbilicus due to alteration of umbilical blood supply. Therefore, a delay procedure of the umbilicus was performed. This case report emphasizes the need for proper consideration of umbilical blood supply, and delay of the umbilicus if alterations to its normal blood supply are known to be present or suspected to exist.
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The umbilicus is the body's first natural scar. 1 When the umbilical cord is cut after birth, the umbilical stalk scars and tethers the abdominal skin to the linea alba. 2 The umbilicus is an important aesthetic landmark on the abdomen, located on the midline at the level of the anterior superior iliac crests. Procedures that change the shape or location of the umbilicus can result in an abnormal and aesthetically displeasing abdomen. The absence of an umbilicus can appear even more bizarre. 2 The umbilicus receives arterial supply from the subdermal plexus, a large ascending branch and several small branches of the deep inferior epigastric arteries, the ligamentum teres, and the median umbilical ligament. 3, 4 The multiple arterial sources allow the umbilicus to survive either on its stalk if the umbilicus is incised or the subdermal plexus if the stalk is transected on its base. 5 Figure 1A shows the two major blood supplies to the umbilicus.
Taking into account this unique nature of the umbilical blood supply is crucial to its viability as it relates to abdominoplasty following various clinical scenarios and surgical histories. Thus, the following case study depicts the importance of a thorough preoperative evaluation of possible alterations to this dual blood supply and the use of delay to improve perfusion prior to abdominoplasty.
In this particular patient, a large umbilical hernia, which completely replaced the umbilical stalk, had been previously repaired with concomitant aesthetic abdominoplasty in 2014. At that time, the umbilicus was translocated a short distance inferiorly by "floating" after undermining of the abdominal skin and excising excess skin. As expected, the umbilicus became adherent to the underlying fat and fascia in the new position that it was sutured to, thus gradually receiving supplemental bloody supply from these deeper tissues in addition to perfusion provided by the intact surrounding subdermal plexus. With the knowledge that the umbilical stalk was absent, we followed the two steps described below and delayed the umbilicus in order to improve the supplemental vascularity from these deeper tissues in an attempt to minimize the possibility of ischemic necrosis and loss of the umbilicus following secondary abdominoplasty.
METHODS
During abdominoplasty, the umbilicus can be either translocated to a new location with perseveration of its stalk, the stalk can be transected and the umbilicus "floated" inferiorly, or the umbilicus and its stalk can simply be left in place and pulled inferiorly together with the abdominal skin if for a short distance. However, if sizeable amounts of infraumbilical skin needs to be excised, the umbilicus must be relocated by either "floating" or by translocation with an intact stalk. If the stalk has been inadvertently or purposely transected during prior abdominal surgery or if it has been completely replaced by a large umbilical hernia leading to possible alteration of its blood supply, then the only remaining option is to "float" the umbilicus inferiorly in order to avoid its ischemic necrosis. [6] [7] [8] [9] Conversely, if a secondary abdominoplasty is required following "floating" of the umbilicus, as reported in this study, one must ensure that the umbilicus is receiving adequate perfusion prior to the procedure when translocation is contemplated. This is accomplished via a two-step delay of the umbilicus as described below in order to ensure viability and minimize the possibility of umbilical ischemic necrosis.
Step One
After the initial abdominal procedure, wherein the umbilical stalk was completely altered due to total replacement by a hernia sac or transection for any reason, the senior surgeon (FDP) suggests allowing a waiting period of approximately six months, which should allow for adequate healing time for the umbilicus to become adherent to the underlying fat/fascia and reestablish a secondary source of blood supply from these underlying tissues. Such an apparently arbitrary waiting period is based on the current understanding of skin and subcutaneous wound healing, the proliferative phase consisting of increased fibroblast activity and neovasculartization peaking at an average of three to fourteen days, followed subsequently by remodeling of the wound between week three and one year. Wounds achieve maximal strength, or 80% of unwounded strength, by about two months. 10 Although a shorter waiting period may theoretically suffice, the senior surgeon recommends approximately six months to ensure the highest chance of reestablishment of blood supply. Since the degree of vascular supply from the underlying fat and fascia remains uncertain after this period and may not adequately contribute to umbilical perfusion, Step two as described below is recommended in order to increase the vascularity of the umbilicus before its transposition and decrease the possibility of ischemic necrosis.
Step Two Delay of the umbilicus. A circumferential skin incision is initially made, followed by immediate resuturing of the umbilicus in situ. This must be done approximately two weeks prior to definitive abdominoplasty. Although the exact length of delay has yet to be determined, the abdominoplasty is not performed until the umbilicus regains normal appearance after a typical period of cyanosis and/or edema.
CASE REPORT
A 47-year-old healthy woman who had previously undergone abdominoplasty performed by senior surgeon (F.D.P.) in August 2014 presented approximately one year later with chief complaint of continued laxity of her abdominal skin (Figure 2 ). At her original abdominoplasty in 2014, this patient had undergone simultaneous repair of an umbilical hernia with complete transection of the umbilical stalk during repair of the large reducible ventral hernia. Because there was a limited amount of skin to be removed during this original operation, and the stalk was transected during hernia repair, the umbilicus was "floated" 2 to 3 centimeters distad (ie, without incisional detachment of the umbilicus from surrounding skin) to a position that had been planned preoperatively. The umbilicus was sutured to the underlying fascia to improve its definition and appearance.
The patient did well postoperatively and was initially satisfied with her outcome, however, on follow-up visits approximately 1 year after surgery she was dissatisfied with her outcome and expressed concern about redundancy of skin both above and below the umbilicus. For this reason, a revisionary procedure was planned. Physical examination showed mild laxity, redundancy of abdominal skin, and an umbilicus that was adherent to the underlying fascia (Figure 2) .
In order to ascertain, as well as increase, the adequacy of umbilical vascularity, we chose to delay the umbilicus through a circumferential incision with immediate resuturing performed in the clinic in April 2016 (Figure 3) . Utmost care was taken to ensure that the umbilicus was not detached from underlying fascia or undermined while performing this procedure. This step was performed under local anesthesia in approximately fifteen minutes. The umbilicus became congested and cyanotic within twenty-four hours as shown in Figure 4 . Both the edema and cyanosis gradually subsided within two weeks after the delay procedure. Figure 5 shows a healthy umbilicus with complete resolution of edema and cyanosis fourteen days after the delay and immediately before the patient's secondary abdominoplasty.
The secondary abdominoplasty (see Figure 6 depicting individual steps of procedure) began by initially removing the sutures placed during the umbilical delay, followed by incision and blunt dissection of the umbilicus from the surrounding skin while maintaining its attachment to the underlying fascia. The circum-umbilical incision was then extended vertically to the old lower abdominal incisional scar. A shorter lower abdominal incision was then made to meet the vertical incision. The vertical incision was required because most of the redundant skin requiring excision was located around the umbilicus in the horizontal plane, with less redundancy in the vertical plane. Since there was limited redundancy in the vertical plane, if only a lower abdominal incision was utilized, pulling the skin flap inferiorly would have left the circular defect where the umbilicus used to be. Including the vertical incision allowed for lentiform excision of this circular defect as well as reduction of horizontal plane laxity. The abdominal skin was then undermined in a standard fashion to the level of the xyphoid. The excess skin was excised by pulling the lateral skin flaps medially and inferiorly. Intraoperatively, the umbilicus remained healthy with good color and no edema or congestion after the elevation of the skin flaps as seen in Figure 7 . The location of the new umbilicus was marked and the umbilicus was exteriorized in a standard manner and sutured to its new location. The umbilicus showed minimal edema without color change at the completion of the operation (Figure 8 ). This mild edema readily subsided within a few days followed thereafter by a healthy appearing umbilicus as shown at ten days in Figure 9 , and at three months in Figure 10 and Figure 11 . The patient did well postoperatively and continues to note satisfaction with the overall aesthetic outcome ( Figure 12 ).
DISCUSSION
Possessing a firm understanding of the blood supply to the umbilicus is crucial to its viability during abdominoplasty, especially given the axial nature of one of its main sources of perfusion from the inferior epigastric vessels through the stalk and surrounding subcutaneous tissue. 5 In general, it has been our experience that the umbilicus does not pose any problem during abdominoplasty, and if an umbilical hernia is present, the umbilicus typically continues to show good vascularity through the stalk ( Figure 1B ). In these common instances, the hernia repair can be performed without jeopardizing blood flow to the umbilicus. However, we suspect that with a large enough hernia, the stalk can be completely replaced with a hernia sac ( Figure 1C) , ultimately disrupting arterial branches present in this important source of umbilical perfusion. With repair of larger umbilical hernias or after certain major abdominal procedures, the stalk may also be transected leading to damage of umbilical perforating vessels ( Figure 1D ). 11 In these latter two instances, blood supply to the umbilicus will be primarily provided from the surrounding skin along with additional circulation provided from subjacent fat and fascia over time after healing and scarring occurs. To circumvent the possibility of ischemic necrosis of the umbilicus in such circumstances, a simple delay procedure, as described in this report, is strongly recommended. Although the umbilicus is separated from its dermal supply during delay, there remains blood flow through the underlying fascia and fatty tissues.
Without delay, the supplemental blood supply from underlying subcutaneous fat and fascia may not be adequate to support the umbilicus once it has been circumferentially incised and freed from surrounding skin. The benefits of delay procedure are well known to plastic surgeons and likely result from the conditioning of tissue to ischemia, closing of arteriovenous shunts, vasodilation of remaining established vessels, and the release of angiogenic factors such as vascular endothelial growth factor (VEGF) that contribute to an increase in angiogenesis originating from adjacent vascular territories. [12] [13] [14] [15] The delay procedure is done under local anesthesia approximately fourteen days prior to the planned abdominoplasty. One should anticipate some degree of edema and cyanosis following the procedure as shown in Figure 4 . Prior to delay, the patient should also be warned of the rare possibility of umbilical necrosis. Although optimal delay time has yet to be determined in humans, Holzbach et al determined that a delay of five days resulted in significantly reduced flap necrosis rates and improved perfusion in Sprague-Dawley rats. 13 However, although perfusion of the abdominal region in rats is similar to that of humans, a rat model may not exactly mimic the nuances of perfusion in humans, thus we suggest that abdominoplasty be delayed as long as is necessary for the umbilicus to regain normal appearance with total resolution of cyanosis and edema. In this case study, the umbilical edema and congestion had totally subsided within two weeks indicating a successful delay ( Figure 5 ). By employing this delay procedure and understanding the unique vasculature of the umbilicus, it is more likely that ischemic necrosis may be avoided.
This case also highlights the importance of obtaining operative records of previous abdominoplasties or any previous abdominal procedures. These records must be reviewed carefully in order to understand the status of the umbilical stalk before performing an abdominoplasty. Without this information, an incorrect assumption of an intact umbilical stalk may risk ischemic necrosis of this aesthetically important abdominal landmark. In the absence of previous operative reports pertaining to abdominal procedures, we also strongly recommend delay of the umbilicus prior to abdominoplasty.
As with all clinical research, there are several limitations regarding this study. First and foremost, this is a single case report that depicts the importance of considering blood supply to the umbilicus. In hopes to further develop and introduce a new blood supply-based classification system for the umbilicus, more studies based on large series of secondary abdominoplasty following large hernia repairs or after "floating" of the umbilicus are needed. This will also allow us to strengthen our recommendation for delay in such cases. Additionally, although frontal views of various steps of the procedure are provided which adequately depict this case report's main focus of umbilical preservation during secondary abdominoplasty, it would be most helpful in the future to include other standard views as well to better depict overall aesthetic outcomes.
CONCLUSION
It is of utmost importance to consider the adequacy of blood supply to the umbilicus when performing abdominoplasty with or without concurrent umbilical hernia repair. Planning a secondary abdominoplasty must include a careful review of operative reports from any previous abdominal procedure in order to ascertain that the umbilical stalk has not been sacrificed. When doubt regarding the vascularity through the umbilical stalk exists, a delay of the umbilicus may ultimately decrease the risk of ischemic necrosis.
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